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Abstract 

The  aim  of  the  present  paper  was  to  study  the  influence  of  foam  type  as  well  as  nickel  and  cobalt  additives  on  cell  performance  and  cycle 
life  of  cylindrical  nickel-zinc  cells.  Experiments  have  shown  that  discharge  capacity  depends  on  the  foam  type  of  nickel  electrodes  and  is 
significantly  improved  by  using  thicker  foam  substrates  (2.2  mm).  AA-size  nickel-zinc  cells  constructed  of  two  thinner  nickel  electrode 
layers  (1.6  mm)  displayed  stronger  decline  in  capacity  during  cycle  life  due  to  a  very  low  zinc/nickel  hydroxide  ratio  ( 1 . 1-1 .2 ).  The  addition 
of  nickel  and  cobalt  powder  was  investigated  by  means  of  resistivity  measurements  of  PVA-bonded  nickel  hydroxide  films.  This  study 
elucidated  that  small  amounts  of  cobalt  (2-8  wt.%)  caused  an  extreme  decline  in  resistivity.  Admixture  of  nickel  also  lowered  resistivity 
but  not  as  great  as  cobalt.  The  cell  performance  turned  out  to  be  contrary  to  resistivity  measurements;  nickel-zinc  cells  prepared  with 
a  less  conductive  slurry  delivered  higher  capacities.  However,  discharge  capacity  decreased  rapidly  after  prolonged  cell  cycling,  as  the 
zinc/nickel  hydroxide  ratio  of  these  cells  was  also  considerably  reduced. 
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1.  Introduction 

Rechargeable  nickel-zinc  cells  represent  a  very  attractive 
power  supply  with  the  advantage  of  reduced  environmental 
impact  compared  to  the  Ni-Cd  system  and  are  much  less 
expensive  than  Ni-MH  cells.  The  nickel-zinc  cell  delivers 
very  high  specific  energy  (55-85  Wh/kg)  and  high  specific 
power  ( 140-200  W/kg)  and  the  nominal  cell  voltage  of  1 .6  V 
is  400  mV  higher  than  for  Ni-Cd  and  Ni/MH  cells.  Although 
research  on  nickel-zinc  cells  of  flat  plate  design  has  been 
done  for  many  years  [1-12],  less  effort  has  been  made  to 
build  a  cylindrical  nickel-zinc  cell  [13-15].  The  develop¬ 
ment  and  progress  of  nickel-zinc  cells  until  1998  was  ex¬ 
tensively  reviewed  by  Jindra  [16-18]  and  well  documented 
by  other  authors  [19-21].  Recently,  the  cycle  life  limitation 
of  nickel-zinc  cells  associated  with  the  solubility  of  the  zinc 
electrode  was  overcome  by  Bugnet  et  al.  [22,23]  through 
stabilising  the  zinc  electrode  with  a  three  dimensional  cur¬ 
rent  collector  network,  conductive  ceramics  and  anti-polar 
additives. 
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The  electrochemical  reaction  (discharge/charge)  of 
nickel-zinc  cells  can  be  formulated  as; 

2  NiOOH  +  Zn  +  2  H20  ^  2  Ni(OH)2  +  Zn(OH)2.  (1) 

In  addition  to  this  current-generating  process,  two  parasitic 
side  reactions  occur  during  overcharge:  (i)  oxygen  formation 
at  the  nickel  electrode,  and  (ii)  hydrogen  evolution  at  the 
zinc  electrode: 

40H“  ^  2H20  +  02  +4e“  (2) 

2H20  +  2e“  ^H2  +  20H“.  (3) 

Nickel-zinc  cells  have  to  be  slightly  overcharged  to  receive 
better  charge  acceptance  of  the  nickel  electrode,  however,  at 
the  end  of  charging,  oxygen  gas  builds  up  at  the  nickel  elec¬ 
trode.  But  in  the  case  of  good  access  to  the  zinc  electrode, 
oxygen  can  be  directly  recombined  at  metallic  zinc  particles 
[16,24].  In  order  to  minimise  parasitic  hydrogen  evolution 
at  the  zinc  electrode  during  overcharging,  nickel-zinc  cells 
have  to  be  balanced  in  a  nickel-limited  way  (Zn/Ni  ratio  > 
1).  The  recombination  of  hydrogen  at  the  nickel  electrode  is 
accelerated  by  small  amounts  of  silver  oxide  catalyst. 

In  this  study  we  have  continued  previous  work  on  cylin¬ 
drical  nickel-zinc  cells  that  were  made  of  sintered  nickel 
electrodes  dismantled  from  commercial  Ni-Cd  cells  [25]. 
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Furthermore,  a  pasting  procedure  was  developed  and  dif¬ 
ferent  binder  materials  (PVA,  Teflon)  were  investigated  to 
prepare  lightweight  nickel  electrodes  [26,27].  Pasted  nickel 
electrodes  deliver  enormous  weight  saving  in  cathode  mass 
up  to  50%  compared  to  sintered  nickel  electrodes.  The  main 
objective  of  the  present  paper  is  focused  on  the  nickel  elec¬ 
trode,  especially  on  foam  type  and  composition  of  nickel 
hydroxide  slurry,  to  improve  cell  capacity  and  cycle  life  of 
cylindrical  nickel-zinc  cells. 

2.  Experimental 

2.1.  Preparation  of  nickel  hydroxide  electrode 

Nickel  hydroxide  electrodes  used  as  cathodes  for  cylin¬ 
drical  nickel-zinc  cells  were  fabricated  in  our  laboratory. 
A  2-8.6  wt.%  nickel  powder  (Type  210,  Inco),  2-8  wt.% 
extra-fine  cobalt  powder  (Carolmet  Cobalt  Products,  Union 
Miniere,  Inc.)  and  0.2  wt.%  silver(I)-oxide  (Aldrich)  was 
blended  and  after  that  mixed  with  30  wt.%  poly vinylalcohol 
(PVA)  solution  (1.2  wt.%  PVA  solution,  Fluka)  as  a  binder. 
Finally,  53.2-65.8  wt.%  spherical  nickel  hydroxide  (Inco) 
and  a  small  amount  of  water  was  added  to  obtain  a  light 
nickel  hydroxide  suspension  that  can  easily  penetrate  into 
the  nickel  foam.  This  nickel  hydroxide  slurry  was  pasted  on 
both  sides  of  the  nickel  foam  coupon  several  times  to  en¬ 
sure  homogeneous  distribution  of  nickel  hydroxide  particles 
throughout  the  nickel  foam.  After  the  pasting  procedure  wet 
electrodes  were  dried  at  1 10  °C  for  1  h. 


Fig.  1.  Cylindrical  nickel-zinc  cell  laboratory  production. 


LiOH  x  H2O)  followed.  Finally,  the  half-finished  cell  was 
filled  with  zinc  anode  gel  and  closed. 

In  Fig.  2  the  cross-section  of  a  cylindrical  nickel-zinc  cell 
is  shown.  Nickel  hydroxide  cathode  and  zinc  anode  were 
prepared  in  our  laboratory  according  to  the  above  proce¬ 
dures.  The  nickel -plated  steel  can  and  the  cell  closure  were 
commercial  products  used  in  primary  and  rechargeable  al¬ 
kaline  manganese  dioxide  zinc  (RAM™)  cells  [28]. 

2.4.  Cell  testing 


2.2.  Preparation  of  zinc  electrode 

The  preparation  of  zinc  electrode  was  carried  out  by 
mixing  of  the  dry  components:  59  wt.%  zinc  oxide  (Merck), 
10  wt.%  zinc  (Type  004F,  Union  Miniere  SA)  and  0.5  wt.% 
gelling  agent  (Carbopol,  Type  940,  Nacan)  and  adding 
30.5  wt.%  of  a  7  M  potassium  hydroxide  solution  (Merck) 
as  the  electrolyte.  The  addition  of  zinc  powder  to  the  main 
component  zinc  oxide  improved  electronic  conductivity  of 
the  gelatinous  zinc  electrode. 

2.3.  Production  of  cylindrical  nickel— zinc  cell 

Fig.  1  summarises  the  single  steps  of  cylindrical 
nickel-zinc  cell  production  on  a  laboratory  scale.  First,  the 
nickel  foam  was  cut  into  the  specified  size,  and  a  nickel  foil 
current  collector  was  spotwelded  along  the  lower  edge  of 
the  foam.  Next,  the  nickel  hydroxide  slurry  was  prepared 
and  pasted  into  the  nickel  foam  as  described  previously. 
A  separator  bag,  consisting  of  two  layers  of  a  laminate  of 
high-purity  cellulose  film  bonded  to  a  non-woven  polyamide 
fibre  (Berec  Components  Ltd.),  was  formed  and  the  dry 
nickel  electrode  was  rolled  up  around  it.  This  assembled 
unit  was  then  inserted  into  the  nickel-plated  steel  can 
and  overnight  electrolyte  soaking  (27  wt.%  KOH,  10g/l 


The  cycling  programme  of  cylindrical  nickel-zinc 
cells  can  be  seen  in  Fig.  3.  The  cells  were  tested  with 


Fig.  2.  Cross-section  of  a  cylindrical  nickel-zinc  cell. 
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Discharge  at  3.9  Ohm 


Fig.  3.  Cycling  programme  of  AA-size  nickel-zinc  cells.  Charge:  constant 
voltage  taper  charging  (1.90  V,  approximately  8h)  or  constant  current 
charging  (50-100  mA,  6-12 h).  Discharge:  at  3.9  £2-800  mV. 


a  computer-controlled  multi-channel  testing  system  that 
runs  the  following  cycling  regime:  cells  were  either 
charged  with  constant  voltage  (1.90  V)  or  with  con¬ 
stant  current  (50-100mA)  for  6-12 h.  Discharge  cy¬ 
cles  were  performed  at  3.9  to  a  cut-off  voltage  of 
800  mV. 

Constant  current  charging  demands  precise  charging 
time  adjustment  or  voltage  limitation  (1.90-1.95  V)  to  pre¬ 
vent  extended  overcharging.  Otherwise,  large  quantities 
of  oxygen  would  be  generated  that  might  cause  pressure 
increase  and  cell  leakage.  In  the  case  of  constant  volt¬ 
age  taper  charging,  the  initial  current  can  be  as  high  as 
500  mA.  However,  at  the  end  of  the  charging  process  a  low 
residual  current  of  10-20mA  flows  and  switching  off  is 
not  very  critical  in  this  mode.  Therefore,  the  charging  of 
cells  in  this  study  was  carried  out  with  constant  voltage 
at  1.90  V. 


3.  Results  and  discussion 

3.1.  Morphological  characterisation 

The  morphology  of  nickel  foam  and  pasted  nickel  elec¬ 
trode  was  examined  by  means  of  scanning  electron  mi¬ 
croscopy  (SEM).  In  Fig.  4  SEM  pictures  of  nickel  foam 
(a)  and  pasted  nickel  electrode  (b)  are  shown.  Image  la 
presents  the  high-porous  structure  of  a  2.2  mm  thick  nickel 
foam  containing  pores  of  approximately  100-200  pm. 
In  picture  lb  the  surface  of  the  pasted  nickel  electrode 
can  be  seen.  The  spherical  particles  of  various  diameters 
range  from  1  up  to  10  pm  and  depict  nickel  hydroxide. 
The  non-spherical  particles  are  metallic  nickel  and  cobalt 
powders  with  a  particle  size  of  1  pm  and  below.  It  can 
be  seen  that  nickel  hydroxide  spheres  are  homogeneously 
distributed  on  the  nickel  foam.  Small  nickel  and  cobalt 
particles  are  embedded  between  the  larger  nickel  hydroxide 
spheres  to  provide  sufficient  electronic  conductivity  of  the 
electrode. 


(a) 


(b) 

Fig.  4.  SEM  images  of  (a)  nickel  foam  (Inco,  2.2  mm);  (b)  nickel  electrode 
prepared  by  pasting  of  nickel  foam  with  nickel  hydroxide  slurry  of 
composition  A. 

3.2.  Cell  performance  of  nickel— zinc  cells  with  one  or  two 
nickel  hydroxide  layers 

Nickel  foam  is  commercially  available  in  a  variety  of 
thickness  and  porosity.  This  study  focused  on  the  investi¬ 
gation  of  pasted  nickel  electrodes  with  foam  thicknesses  of 
1.6,  1.9  and  2.2  mm  and  a  porosity  of  80  and  110  pores  per 
inch  (PPI)  for  application  in  AA-size  nickel-zinc  cells  as 
listed  in  Table  1 .  Due  to  the  fact  that  the  cylindrical  cell  de- 


Table  1 

Types  of  nickel  foam  used  for  pasted  nickel  hydroxide  electrodes  of 
AA-size  Ni-Zn  cells 


Nickel  foam  typea 

Thickness  (mm) 

1  and  2  layers  (mm  x  mm) 

Retec  80  PPI 

1.6 

38  x  36/70 

Retec  110  PPI 

1.6 

38  x  36/70 

Inco 

1.9 

38  x  36 

Inco 

2.2 

38  x  36 

a  Supplier:  Retec  foam,  RPM  Ventures,  ELTEC  Systems  Corp.;  Ohio 
Inco  foam,  Inco  Technical  Services  Ltd.,  Mississauga,  Ontario. 
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Fig.  5.  Discharge  capacity  of  AA-size  nickel-zinc  cells  with  one  layer 
of  nickel  hydroxide  electrode  of  different  foam  thickness  vs.  cycles. 
Discharge:  at  3.9  £2-800  mV.  Charge:  with  1.90  V  constant. 

sign  is  volume  limited,  AA-size  nickel-zinc  cells  could  only 
be  prepared  with  one  or  two  nickel  layers  according  to  the 
applied  foam  thickness.  The  single-layered  nickel  electrode 
arrangement  was  carried  out  for  all  foam  samples.  Cylindri¬ 
cal  nickel-zinc  cells  comprising  the  1 .6  mm  foam  type  were 
also  constmcted  in  a  double-layered  version. 

Fig.  5  shows  the  discharge  capacity  of  AA-size 
nickel-zinc  cells  built  of  one  layer  of  nickel  hydroxide 
electrode  of  different  foam  thickness  versus  cycles.  These 
curves  exhibit  a  relatively  flat  discharge  profile  with  only 
small  capacity  decline  up  to  100  cycles.  The  first  few  cycles 
represent  formation  cycles;  discharge  capacity  is  initially 
low  but  increases  quickly  during  the  next  cycles  to  reach 
its  maximum  after  5-10  cycles.  This  figure  clearly  demon¬ 
strates  that  discharge  capacity  depends  on  foam  thickness. 
The  thicker  foam  material  offers  the  advantage  of  pasting 
a  higher  amount  of  nickel  hydroxide  slurry  into  the  foam 
substrate  of  these  cells,  as  presented  in  Table  2,  and  thus  to 
increase  discharge  capacity.  The  best  result  is  yielded  with 
the  2.2  mm  foam.  Discharge  capacity  was  enormously  im¬ 
proved  by  25%  (10th  cycle)  to  34%  (100th  cycle)  compared 
to  a  1.6  mm  foam. 

Figs.  6  and  7  compare  nickel-zinc  cells  constructed 
with  one  nickel  hydroxide  layer  to  cells  prepared  with  two 
layers  of  the  1.6  mm  foam  type  (Retec  80  and  110).  Cylin- 


Fig.  6.  Discharge  capacity  of  AA-size  nickel-zinc  cells  with  one  nickel 
layer  and  two  nickel  layers  vs.  cycles.  Discharge:  at  3.9  £2-800  mV. 
Charge:  with  1.90  V  constant. 


Cycles 

Fig.  7.  Discharge  capacity  of  AA-size  nickel-zinc  cells  with  one  nickel 
layer  and  two  nickel  layers  vs.  cycles.  Discharge:  at  3.9  £2-800  mV. 
Charge:  with  1.90  V  constant. 

drical  nickel-zinc  cells  containing  double-layered  nickel 
hydroxide  electrodes  delivered  very  high  capacities  of 
600-500  mAh  during  the  first  20  cycles.  Between  the  20th 
and  the  50th  cycle,  discharge  capacity  nearly  equalled  the 
performance  of  cells  with  single -layered  electrodes;  beyond 
that,  capacity  was  considerably  lower.  Both  figures  clearly 
display  that  nickel-zinc  cells  made  of  two  nickel  hydroxide 
layers  show  much  stronger  decline  in  capacity  during  cycle 
life.  In  our  study  we  observed  that  this  behaviour  correlated 


Table  2 


AA-size  Ni- 

-Zn  cells  containing  various 

nickel  electrodes  with  one 

or  two  nickel  layers 

Cell  numbera  No.  of  layersb 

Zn-anode  (g) 

Ni-cathode  (g) 

Zn/Ni(OH)2  ratio 

Ni(OH)2  utilisation  (%)‘ 

A  71  (A) 

2  (Rl) 

3.00 

4.14 

1.19 

59.7 

A  75  (A) 

1  (Rl) 

6.00 

2.83 

2.62 

76.4 

A  86  (A) 

2  (R2) 

3.00 

4.41 

1.12 

54.1 

A  77  (A) 

1  (R2) 

6.00 

2.31 

3.21 

81.7 

A  277  (B) 

1  (ID 

4.00 

2.95 

2.40 

72.9 

A  178  (B) 

1  (12) 

4.00 

3.71 

1.78 

64.3 

A  145  (C) 

1  (12) 

4.00 

4.26 

1.39 

56.6 

Cells  were  discharged  at  3.9  £2-800  mV  and  charged  at  1.90  V  constant. 

a  Nickel  hydroxide  slurry  composition:  (A)  4.29%  Co,  8.57%  Ni;  (B)  8%  Co,  8.57%  Ni;  (C)  4.29%  Co,  2%  Ni. 
bFoam  type:  (Rl)  Retec  80/1.6 mm;  (R2)  Retec  110/1. 6 mm;  (II)  Inco/1.9mm;  (12)  Inco/2.2mm. 
c  Calculation  based  on  the  fifth  discharge  cycle. 


W.  Taucher-Mautner,  K.  Kordesch/  Journal  of  Power  Sources  132  (2004)  275-281 


279 


to  the  zinc/nickel  hydroxide  ratio.  The  double-layered  elec¬ 
trode  type  has  less  space  available  for  the  zinc  electrode, 
and  therefore  a  very  low  zinc/nickel  hydroxide  ratio  was 
obtained  in  these  cells.  No  great  difference  in  cycling  be¬ 
haviour  was  observed  between  cells  with  Retec  80  and  1 10 
foam.  Cell  A  77NiZn  delivered  a  slightly  lower  discharge 
capacity  curve  as  less  nickel  hydroxide  slurry  was  pasted 
into  the  foam. 

Table  2  summarises  AA-size  nickel-zinc  cells  with  nickel 
hydroxide  electrodes  of  one  or  two  layers  and  also  includes 
cells  with  electrodes  of  different  foam  thickness  and  paste 
composition.  The  quantity  of  zinc  anode,  nickel  cathode 
and  the  zinc/nickel  hydroxide  ratio  as  well  as  the  nickel 
hydroxide  utilisation  is  listed  in  this  table.  Cells  containing 
two  nickel  hydroxide  layers  provide  reduced  volume  for 
the  zinc  anode  gel,  as  mentioned  previously.  Consequently, 
these  cells  have  a  very  low  zinc/nickel  hydroxide  ratio  of 
only  1.12-1.19.  The  corresponding  values  of  cells  with 
single-layered  nickel  hydroxide  electrodes  of  the  same  foam 
type.  Retec  80  and  110,  range  from  2.62  to  3.21.  AA-size 
nickel-zinc  cells  with  two  nickel  hydroxide  layers  reached 
only  54-60%  utilisation  of  active  mass,  based  on  the  cal¬ 
culation  of  maximum  discharge  capacity.  On  the  contrary, 
cells  with  single-layered  nickel  electrodes  of  this  series 
obtained  better  nickel  hydroxide  utilisation  of  76-82%. 

3.3.  Effect  of  paste  composition  on  cell  performance  of 
nickel-zinc  cells 

The  addition  of  nickel  and  cobalt  powder  to  nickel  hy¬ 
droxide  slurry  was  studied  to  investigate  the  effect  of  these 
additives  on  cell  performance  and  cycle  life  of  cylindri¬ 
cal  nickel-zinc  cells.  Various  nickel  hydroxide  electrodes 
containing  different  amount  of  nickel  (0-8.6  wt.%)  and 
cobalt  powder  (0-8  wt.%)  in  the  slurry  were  prepared  in  the 
single-layered  electrode  version  with  the  2.2  mm  Inco  foam. 

Fig.  8  shows  the  effect  of  paste  composition  on  cell 
performance  of  AA-size  nickel-zinc  cells  after  formation 
cycling  at  the  10th  cycle.  The  first  group  of  cells  with  vary¬ 
ing  cobalt  amounts  was  prepared  with  8.6%  nickel  powder. 


The  second  group  with  different  nickel  additions  was  made 
with  4.3%  cobalt.  From  Fig.  8  it  can  be  concluded  that 
discharge  capacity  strongly  depends  on  cobalt  amount.  The 
cell  containing  no  cobalt  additive  delivered  a  very  low  dis¬ 
charge  capacity  of  374  mAh.  The  highest  capacity  value  of 
this  group  was  yielded  with  8%  cobalt  addition,  in  particu¬ 
lar,  discharge  capacity  was  improved  by  60%  in  comparison 
to  cells  without  cobalt.  For  the  second  group  containing 
various  nickel  additives  we  found  that  a  nickel  content  of 
2%  raised  discharge  capacity  by  15%  compared  to  cells 
without  any  nickel  powder.  Between  2  and  8.6%  nickel 
admixture  there  was  no  significant  difference  in  discharge 
capacity. 

In  order  to  further  study  the  influence  of  nickel  and  cobalt 
powder  on  electronic  conductivity  of  nickel  electrode,  resis¬ 
tivity  measurements  of  PVA-bonded  nickel  hydroxide  films 
were  performed.  It  is  known  that  the  addition  of  nickel  pow¬ 
der  improves  electronic  conductivity  of  the  active  nickel 
hydroxide  mass  [29].  Cobalt  powder  enhances  conductivity 
and  increases  oxygen  overpotential  as  well,  and  thus  ensures 
better  charge  efficiency  and  active-material  utilisation  of  the 
nickel  electrode  [30,31].  The  resistivity  measurements  of  the 
nickel  hydroxide  film  were  carried  out  with  the  Megohm- 
meter  IM6  from  Radiometer,  Copenhagen.  A  small  micro¬ 
scopic  slide  was  coated  with  two  strips  (1  cm2)  of  conduc¬ 
tive  silver  paint,  leaving  a  1  mm  gap  in  between,  in  order  to 
be  covered  with  the  nickel  hydroxide  film  of  various  amount 
of  nickel  and  cobalt  powder.  The  preparation  of  this  film 
was  done  as  described  in  Section  2.1.  The  wet  slurry  mix¬ 
ture  was  applied  with  a  paintbrush  on  the  microscopic  slide 
and  dried  prior  to  the  measurement. 

Fig.  9  illustrates  the  resistivity  of  PVA-bonded  nickel 
hydroxide  film  as  a  function  of  nickel  and  cobalt  concentra¬ 
tion.  Both  of  these  groups  also  contained  a  constant  amount 
of  the  other  metal  powder,  as  mentioned  above.  From  this 
diagram  it  is  quite  clear  that  the  addition  of  a  small  amount 
of  cobalt  (2%)  caused  an  extreme  decline  in  resistivity  by 
78%,  meaning  that  the  film  became  more  conductive.  An 
addition  of  cobalt  up  to  8%  only  slightly  decreased  resis¬ 
tivity.  The  admixture  of  2%  nickel  to  the  slurry  lowered  the 
resistivity  by  53%,  compared  to  film  without  any  nickel. 
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Fig.  8.  Effect  of  paste  composition  on  discharge  capacity  of  AA-size 
nickel-zinc  cells.  Discharge:  at  3.9  £2-800  mV  (10  cycle).  Charge:  with 
1.90  V  constant. 


Fig.  9.  Resistivity  of  PVA-bonded  nickel  hydroxide  film  as  a  function  of 
nickel  and  cobalt  powder  concentration. 
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Fig.  10.  Discharge  capacity  of  AA-size  nickel-zinc  cells  with  dif¬ 
ferent  nickel  and  cobalt  additives  in  slurry  vs.  cycles.  Discharge:  at 
3.9  £2-800  mV.  Charge:  with  1.90  V  constant. 

Further  increasing  the  nickel  addition  resulted  in  a  decrease 
of  resistivity,  similar  but  not  as  great  as  with  cobalt. 

For  further  investigations,  AA-size  nickel-zinc  cells  of 
two  opposite  cathode  slurry  compositions  were  prepared: 
(a)  with  high  resistivity  (2%  Ni,  4.3%  Co)  and  (b)  with 
low  resistivity  (8%  Co,  8.6%  Ni).  In  Fig.  10  the  discharge 
performance  of  these  cells  can  be  seen.  Cell  A  145NiZn, 
with  a  minimum  of  nickel  and  cobalt,  delivered  very  high 
discharge  capacities  up  to  40  cycles.  This  performance  was 
surprising  and  contrary  to  what  we  expected  from  resistiv¬ 
ity  measurements.  A  closer  look  showed  that  this  behaviour 
was  due  to  the  higher  loading  of  nickel  foam,  especially 
with  this  paste  composition,  as  listed  in  Table  2.  An  ex¬ 
planation  for  this  finding  is  the  fact  that  nickel  powder  is 
three  times  more  voluminous  than  cobalt  powder.  There¬ 
fore,  15%  more  nickel  hydroxide  slurry,  composed  of  less 
nickel,  could  be  pasted  into  the  porous  nickel  substrate  of 
cell  A  145NiZn  (Table  2).  On  the  other  hand,  nickel  hy¬ 
droxide  utilisation  (57%)  and  zinc/nickel  hydroxide  ratio 
was  rather  low  (1.39)  and  consequently,  discharge  capacity 
decreased  more  rapidly  with  increasing  cycle  life.  Cell  A 
178NiZn,  prepared  with  a  maximum  of  cobalt  and  nickel 
additives,  delivered  lower  discharge  capacities,  up  to  40  cy¬ 
cles,  in  comparison  to  cell  A  145NiZn,  as  it  contained  less 
nickel  cathode  mass.  Regarding  cycle  life,  this  cell  showed 
the  advantage  of  minor  decrease  in  discharge  capacity  after 
prolonged  cycling  performance  up  to  160  cycles,  as  the 
zinc/nickel  hydroxide  ratio  was  higher  (1.78). 


4.  Conclusions 

This  work  has  clearly  shown  that  thicker  foam  material 
significantly  enhanced  discharge  capacity.  The  use  of  two 
thinner  nickel  electrode  layers  also  favoured  discharge  be¬ 
haviour  at  the  beginning,  however,  the  capacity  declined 
rapidly  during  cycle  life  due  to  a  very  low  zinc/nickel  hy¬ 
droxide  ratio. 

From  the  study  that  has  been  carried  out  with  nickel  and 
cobalt  additives,  we  can  conclude  that  small  amounts  of 


cobalt  and  nickel  extremely  lowered  electronic  resistivity  of 
nickel  hydroxide  film.  Cycling  experiments  performed  with 
AA-size  nickel-zinc  cells  have  shown  that  cells  prepared  of 
less  conductive  slurry  achieved  the  highest  discharge  capac¬ 
ity.  This  contradictory  result  can  be  explained  by  the  fact 
that  an  increased  foam  loading  with  active  material  was  ob¬ 
tained.  The  decline  in  capacity  observed  during  cell  cycling 
was  related  to  a  diminished  zinc/nickel  hydroxide  ratio.  As 
the  cylindrical  cell  design  is  volume  limited,  the  zinc/nickel 
hydroxide  ratio  is  therefore  restricted. 

In  conclusion,  it  was  demonstrated  that  the  zinc/nickel 
hydroxide  ratio  is  a  key  factor  for  long-term  cycling  stability 
of  cylindrical  nickel-zinc  cells.  Further  studies  are  required 
to  apply  these  findings  to  other  cell  geometries,  e.g.  flat  cells, 
in  order  to  avoid  limitation  of  the  zinc/nickel  hydroxide  ratio 
and  to  get  the  entire  benefit  of  improved  discharge  capacity 
over  the  whole  cycle  life. 
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